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(54) Organic film-coated plated steel sheet and process for Its production 

(57) An organic f ilm-coated plated steel sheet is dis- 
closed which includes a base steel sheet, a zinc-base 
plated layer disposed thereon, and an organic film layer 
formed by electrolytic polymerization of one or more 
monomers and superposed as an outermost layer on 
the zinc-base plated layer. The steel is excellent in cor- 
rosion resistance, weldability. electrodeposition pamta- 
bility or paint adheston and. thus, is suitable as a rust- 
proof steel sheet particularly for use in automobile bod- 
ies. Also disclosed is a process for producing that steel 
with less production equipment and reduced cost 
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Description 
RflrxfiRQUND "PTHF INVENTDN 



5 FiPiH nf ttie Invention 

This invention relates to an organte fiim-coated plated steel sheet .and a process for its production, which sheet 
exJs Tn JS^osion resistance. weWabiBty. electrodeposifion abilfty or paint adhes,on. 

to npgrri ption ^hft Related Art 

Anincrea.ngnu.bera,stee.sheetmt^onth.rs^c2h2^^^^^^ 

to comply with demands tor automol«Ie tjodies havng ^^f^^^^^ff^^"^^^ fheX Moreover, a greater magnitude 
Sheet IS typtf ied by a zinc^lated steel sheet a z.nc ajj^^aj^^^^^^^ S^mXortions disposed inwardly of the 

and. hence, has predominated '°^'"';9jXlv''jrbir^^^^^ to effect further reductions in production costs. 
For economic reasons the automotwe .ndusfry has ^^'^ cteel sheet virith rinc-based plating, fol- 

^ The multi-layered steel sheet stated above .s P^^^^^d by treatng ^!',^,^on uses a coater 

lowed by formation of a chromate film and Plating equip- 

and a baking oven, respectively, for Zn-base platn^^g. chromate Jknto^^^ am o ^^^^ 
mentis completely structurally differed from co^^^^^ ^^^^^ isA^ 

lines and variable factors of production controls In a P'^^^ i/coating and baking equipment 

so performed after completion of Zn^ase platng 5"J3f;lPSS^Tp^SfnrfaX^^ 

installed separately from the plating ^^^^ ^^n^f '"^^J:^^*^^^^^ to shoulder heavy burtens. 

increase in Foduction cost thereby forcing ^-^^S^^^S^^^^^^^^^ obtained with reserve tanks for Zn- 

According to the present invention, an o ganic ''''^^^Jf^^®^^^^^ incurring further construction costs. 

coated steel sheet that has conspicuously ^'^'^^''^'i'^f^^^^^S oroanic films on the surfaces of steel sheet by 
Electrodeposition painting is ^^-^-^^^ /^^^ containing a water-based or 
40 meansofelectrolysisElectrodeposftonpaintngisam^a^^^^^^ 

emulsified polymer and a pigment is subjected to J^?^" ^'^^^^^^^^^^ untormity. In the case of 

. ^"lt\necessar,howev..foruseinautom^es^r.^^^^^^^^ 

several microns (^m) in thicknessso aslo ensure electroKleposition coating is unaccept- 

r^H^iu^^rsr^Sr^rr.^^^^^ atte^ coating, a. h.h-voltage 

. ns:::ror.e..ation.^ 

tion uses a monomer as a starting material. monomens *° P^^^-^J"^ polymeriza- 
with film formation with eventual coating of an organic ^^^'I^^^'^'^^Z^^^ as dis- 

tion has in recent years found rapid applicatfon. -"f ^'"*^*'^'f °*gg^8^ publications 
closed for example in Japanese Examined P^^^^^P^W'^ation .^^^^^^ rt^^cal co^uctivity. biJ fail to con- 

55 each pertain to an organic f ilm with particular enrphas.s X^dtr fn^^nSon^^^^ 



2 



10 



EP 0 761 320 A1 

b, =blain«i, as disclosed m Japanese '^'^'"^ ^ j^^^^le^ rilTncaof 

eleo«ol,sisFu*a'™,e.asthafllmtW«»ss,™x«^^ 

!:sSrJ?o:ri*:rrs?:r-£S^ 

STTganaral «5iaricfflmn«te«>l««-usl .esistanoe <Mu^ insulaJon. 

np,|p^-.TgnFTHCIMUFNTION 

p,ovid. a n« ors.*«n,<cat«l plat«i sle^l *aa^ 

"-i:;^ -t:L::s:r n^rrc-uoi, «^ s,,- ^ .u^n. 

the detailed description Of ihe invention and the appended daims. 

^ Accord.ngtoone.mportantaspe<.ofthein.entbn^^^^^^^^ 

prising a steel sheet, a zinc-base Pf ^^J^j^^f ^^.^^^^^^^ TXa^ TZon^er and polymerized on 

, mium. and an organic^m layer I'^I^^^X^'^T^iS^y includes a chron^ate layer interposed 

the outermost layer. The organic filnvcoaled plated steei ®"®f^^P'^'^ / . uace dated la^^^ 

. =:rj»rrs.::=rr^£^ » 

\o and aniline, and derivatives thereof. nmanir fiim-coated Diated steel sheet, which 

This indention further relates to a process tbr the produd.on „etal. and sub- 

comprises the steps of plating a t>ase steel sheet on a*er^^^^^^^^^ 

sequently carrying out elec*oly«c PJ^r^"^^";? ^it^^^i^ 

thereby forming an organic f.lm o.er the ^'"^^f « f'^^^^^^^^ fSomale and subsequently carrying out electrolytic 
« mediate step of treating the zinc-base plated stee f an organic film layer on 

so expressed as Cr. and the organic film ^^-^^tj" f J''^^^^ ^^^on or anodic reaction. When conducted by cathodic 
an electrolytic time of not longer than about 10 seconds. 
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nc jAii Pn DESC RIPTP'^' ^HP INVENTION 

than in the appended claims. «««nrH,na to the oresent iiwenSon is most preferably used for automo- 

The organic f ilrrvcoated plated steel sjeet aocordmg ^ „eldatjle. or paintable by elec 

biles, although mariy other uses are possible JO mse™^ ,eeds to have 

trodeposition as discussed heremabwe. ^-J^^J^. ^^^^ 
exceptionallysmallthickness.sayofnotmoreth^^^^^ 

that the resulting organic film is rather permeabte to depends mainly upon the sacrificial 

,„ ^ organfc film^ted plated steel sj^^^ -^^^^^^^^^^ oTzn-Sse m^a^aSctstoagr^^^ extent the sendee 
action Of rustproofness of Zn-base platn J so ^med^^ 

excel when ft is very uniform in thickness. exceptionally thin-walled organic fHm formed on a base 

FIG. 1 is a schematic representation as to the sha,j J^eSen^aBcally shown the ertremely uniform, thinness 
steel sheet by means of a ."^^^J" ^^^^^ of electrolytic polymerization, 

of an exceptionally thin-walled o^S^nic film fo^m«l on ^ '^^^^^ ^^^^^^^ to follow regularly the concaves 
Thinner coatings are by nature drff^uft to ^^^^^'^^^^J^^ed mainly in the concavHies of a base 
and convexities on the surface of a P'5«*,«^' f^ff^^^^^l^^^^^^^^ 1 • Especially when viewed microscop- 

steel sheet and thus forms an organic film ^ ^"^^^^S^ ^ this organic f am is greater in the concav- 
ically the organic film 2 is quite irregular in ite g'Sen deSxleposftion painting. Conversely, the coat is 

•rties of the substrate. This '"f ^^l^^^^^fe^S^Te d the materials thattend to 

extremely thin in the <«'^«'^«tf r^^tSimSSveJ^ develops corrosion-originating pockets or points, 
corrode the Zn. with the result that the Zn ^'^l^f P^^'^^i^^^^^ thicknesses with adjustments in elec- 

Eleclrolyticpolymerizationcontrtout^^^^^^^^ 

rSor^rrcSa^f^iS^^^^^ 

capable of affording unique physical ^""^'^^^^^.'^^to^a^^^ 

niaterials, which have superior insulajon '"^^^^^^^ 2?c- or zinc alloy-plated layer and the like 

shou"« Z:::^^ :e?e;^TSre°o;ganic film formed by electrolyse polymeriza.on are 

^^^'^^i^tb^isisrc^^ 

shortened electrolysis and omitted baWng 

The present invention will now be described in mechanism of organic film-coated muW-layered 

Intei^ive research has been conducted by ^ on f^^"!*'^^^^^,^^^ ^I^^^tions in production equipment 
steel Sheets cor.monly used for ^"tomotales and or^^odurton ^^^^ ^.^ ^^^^ ^ 

inwardly of the surface of a steel sheet By the '^J^^^^^^^^ S^es of gating using zinc that include but are not 
: faces of a base steel sheet. The term "zinc-based F^^tno m^ dfepSJons Typical platings include zinc alone, plat- 
limfted to platings with zinc alone, zinc alljrs j^dz^^ 

ings with binary alloys such as Zn-N.. Zn-Fe. „hich Zn-SiO^. Zn-Co-Cr-AI,03 and the 
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ably by cathodic reduction polymerization or anodic ^ indention, a given monomer bonds 

'in the case of the electrolytic polymf f ^^^^"S^^^^^^^^^ into a fOm 
direct to the surlace of the zincW ptet^ltajje^^^ 

thereon. The resultant polymer also has firm ^"'^f^J^'.^j "^^^^^^^ long-lasting corroaon resistance. 

zinc corrosive materials ^^"^ t"^^;:''"^ *'"VScui^^ and "niform fit to the shape of the 

p J rr^iirp;:::rrr cor^lon^rigmating points, thereby 

-^rS7pi=-^^^^^ • 

chromate layer is often arranged as an '"t^:^^^:^^ '^i^^!!'^^^^^^^ a coater on to the plated metal 

is not sufficiently adhesive to the plated metel ^"^J^"^^^^^^^^ causes monomers to bond directly 

surface and then bond«i by baking. By corrtrast dec^^c p^^^^^ 

to the metal surface, and then to P^'V^^'^^'" P'f recSfin^cSance with this invention, 
metal surface. Accordingly, chromate treatr^er^t e ""^^^"^^f^^/^S^ is preferably in the range of not 

in the electrolytic polymerizahon coatr^. *«/^^°"2m2 Slo^^^^^^ the amount is not effective to pro- 
less than about 0.01 g/m2 and d not more than^^^^ 

^'^^A? S^Sclltto be formed by electrolytic polymerization, it is prefaced to use cathodic polymerization or 
anodic polymerization. . . inrmpd tveferablv of one or more monomers 

=«aste« steel a««ed will. «-ano<tepol^^^ 
: polymenzed film, red rust is sk«. in progre« alter »»dio^2«^ 

. *»ily«^«lo»er,hana«-;A«r,2l=^^r«r^^^ 

Zn plating o- the like is lornred or a ae.1 «^i*!^t.^2^r*ol,sis effieienc, during plating, and to 
pk«n9«>ren««o«deethera.,«n.Theae ^^^^"^^J^^ prei invention is a steel sheet treated 
l,regelarfllrnfc.in«ion.l»il also to poor appearOTC^A^teKJeWi^ 

wilh a Zn*ase plating, arrd. Iherelore, r»i«»al o« at a «rent density ol ta... than about 1 

»«»leadaragedplatedla,erand SJ,^ on the subir^e ^urtaoe. 

A«lm=. eleclrolytio polymerization ie though^ to '^'^^^S^-^^ ^„e«Jprolongadelect,»lyslst09ain 

•t^a^e^oWclin.eolna.lo.,,e,.hya^«^ 

C.a"rbsde,e-Ledd«»n*,g*onttea«,en,^^^^ 
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nf thftomate layer is preferably in the range of not iSan about 10 mg/m^ and of not 
The coating amount of th^ffomate layer is preic y « sufficient corrosion resist- 

gxamoles 

to produce an organK: film-coated ste« weWability or electrodeposition ability, 

resulting steel sheet for corroson res^nce ad^^^ 

..?z^Co7(rrn^1^^^ 

pSg^iS^The steel sheet was tested as in the inventive one. 
;7p.|^gse Plating 

2n content - 100% by weight 
ZnClating- Ni content - 12% by weight 

r«3.at^: gSXrrCoc«.e.-0.7%bywe-.ht.A^^^^ 

(as A!) 

rhrnm;^t^ Treatment 
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^E^=~z-EE:^t=~zr 

n ^posit Amoi '"* ^ 7inn-has6d Metal 

Fluorescent X-radiation was performed by usual, well known means. 
Q^^ iint^ Amoi '"1 0^ nhromate 

The quantity of Cr was measured from Cr counts by fluorescent X-radiation. 

nnatinq Amny"* Qr^anic Rim 

The number of C counts was measured by fluorescent X-radiation. 
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ru^^ TTiposite C yf-lft Corrosio^^ 




I ^ /i\ m namelv f11 soravina of a 5% NaO solution for 4 hours in a 
Corrosion testing was made as one cycle oi (1) and at 45 RH (wet) lor 2 hours. 

to form. 
Paint Adhesion 

. E,ec.odepo^onpain«ngwase«e.edontothespea^^^^^ 

impact testing under the tollowing conditions. Subsequently, adhesive tape testing was p 
determined by the peeling of an organic film. 

Q. not peeled 

^. peeled 

R pntWeldabilitv 
25 erence standards. 



30 



@ : above 3,000 points 

O : 2.001 - 3.000 points 

- a: 1,000- 2.000 pwnts 

X: below 1,000 points 
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Fiftf±txj6P0Si tiQn Abilitv 



standards 



@ ■ number of craters and gas pin-holes - 0 

O ' number of craters and gas pin-holes - 1 to 5 

40 A . * number of craters and gas pin-holes - 6 to 10 
X number of craters and gas pin-holes - above 1 1 

rnst Evaluatio n pf Equipment 

Zn^^ptaHns, Ml*™* deWs o. ,™tofi»i w«bas«lonlhe1o.ow.n90,»«.a. 



45 



50 O 



X: 



" ,^ew»3Ml«spBling«anks (^peaed .0 W'**?* JTSTp^Iuc^ can M eoreklered 



small scale of additional installations. H any). 
New plants can be considered necessary to be installed. 



55 r-nct Fx/aiuatioP nf Productivity 

® . P^ducscr can ba ccns«e,ad .aasi* as in.eg,a,ad * o,d.n», Zn*.a. p«in» a,ipn«,, »x< «* 
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and treatment of the coil at separate equipment. 
The test results are listed in Tables 1 (1) to 1 (3). characteristics tested. These examples have 

base prXi^'feanimportant component for^ 

end. alarge number 01 F^ating tanks andalargefba^^^^^ manuiacturers' 

sr^s^t^e^rr^^^^^ 

due to omission of an electrolytically polymerized film and of chro.^ J^mert. ^ 
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• ri-,«,»tflfir>iated Steel Sheet is provided Which is resistant to cor- 

According to the present invention, an oj^^™^ '^^^fo SS S fe icelle"t as a rust-proof steel sheet par- 
rosion. weldaWe. paintabie by electrodeposrtion or adhesive to pa.nts. ana b ex 
ticularly for use in automobile bodies. 
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could not be afforded by the prior art 



Claims 
1 



Ilia 

electrolytic polymerization to said chromate layer, 
derivatives tliereof . 

and acetonitrile, and derivatives thereof. 

ua to an otaa* I**"' =^ 

" 9 TMpiocassacooiding to aaims.lucther comprising the step ot: 

.ea«n,a.,=a^»»su«a,.s«z^^«^s.».-a*,on»t.s*^.o^n„.=.™-- 

XiS,«S^»«=a«*c^cp«,™*a,^=<.--"-"'-<'«^«'"'-''"'*"'^ 
SSarirganorganlclllmlacrtoaald ci™natecoat«l steel al»et 

SS^^Hn,lsKlhe,«)inanamotrtolal»uto.ollo3g/».=. 
" « Th.p™=essacco,«n,todah,,e.v*w«ns.-d,,««olytlopo.,me,iza.^ 

Vinyl pyridine, acrylic acid, methacrylic aad. acrylic aad ester, mex y 



17 



EP 0761 320 A1 

acid acetonitrileandderivativ^fcreof. 
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CONVENTIONAL 
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FIG. 2 
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